ABSTRACT
INTRODUCTION

The Thirty Meter Telescope project (TMT) is examining five sites in Chile, Hawaii and Mexico as possible locations for the placement of the telescope. As part of the site testing program, images are taken of the night sky using the All-Sky Camera (ASCA). This camera is designed to image clouds in the sky for determination of the statistics of cloud measurements and usable observing nights at each site.
There is additional information about the night sky that would be useful in the decision on where to place TMT. For any telescope, the amount of ambient light scattered into the optical path can degrade the observational capability of the instrument. It would be a waste to build a large light collecting aperture and then place it in a location where the sky is too bright to take advantage of the full capability of the telescope.
A procedure was developed to extract light pollution information from the ASCA data set. The 
ASCA imaging system was not designed to observe light pollution, so some thought and care went into developing a method to examine the light pollution at the sites. This method was designed only to determine if light pollution would be a factor in the selection of any of the TMT candidate sites. More extensive work is underway to quantify the results and to extract more information (such as temporal variability of the light pollution sources) from the data if possible.
LIGHT POLLUTION AND ASTRONOMY
Historically, the performance of a telescope has been limited by the quality of the site where it has been constructed. While 
In addition to the limited fraction of the CCD dedicated to the horizon, there is also a limitation on using a single image to measure light pollution. While light from a bright source can show up in individual images, it is very faint compared to the other features in the frame. This makes it difficult to determine the angular coverage of the scattered light. The Na filter could measure light pollution, but the images from this usually do not clearly show the light from nearby cities (possibly because they have few Na light systems). Longer exposure times may help with the problem, but that would interfere with the main function of ASCA in measuring the cloud fractions (which is a more important limitation on the site decision for TMT than light pollution). Therefore, a method had to be developed that uses the gathered data to determine information about light pollution at the sites.
THE METHOD OF ANALYZING ASCA IMAGES FOR LIGHT POLLUTION
Figure 1 is a raw ASCA images in the b filter observed from the TMT site testing station at Cerro Armazones in Chile. As with all other ASCA images presented in this paper, north is to the top, and east to the right. This particular image is corrected for dark current. Dark current correction was not originally included in the ASCA observing program, so some images are dark corrected and some show dark current effects (hot pixels in the dark corners are the clearest indication). There is no flat fielding or bias correction for the ASCA images.
This particular image was taken on a clear, new Moon night, at a time deep in astronomical twilight when any city lights should still be prevalent (i.e. early enough for people to still be out). The image is dominated by stars and the Milky
With the difficulty in measuring light
Features of the Light Pollution Analysis
Figure 2 is a fairly clean light pollution analysis image; there are few features that are not due to light pollution, and the light pollution is clear in the frame. Unsurprisingly, not all of the images are quite as simple to interpret.
Figure 3 is a set of light pollution analysis images, at the same 10% median level, from the ASCA system on Cerro Tolar. These images show many of the features that can appear in the ASCA data and how they affect the analysis. First, note that all of the images are not corrected for dark current; this increases the noise in the image, but not to the point that the analysis cannot be done. Also, note that the level of the sky in the images is not the same, and it can vary across the sky as well. This is not a real effect; it is likely due to the small differences in CCD sensitivity and how the brightness in the sky may have varied through the night.
The image in the upper left quadrant of Figure 3 is a fairly clean image. There are no astronomical features in the sky in this image, and on the horizon there are features from cities to the southeast and southwest. The light pollution in the upper right quadrant image appears far different; the sources to the southeast have disappeared, and the city to the southwest is apparently far larger. In reality, there are low lying clouds on the horizon in both directions; these have blocked the one city out completely. The city to the southwest is Tocopilla; it has fog on many occasions, which is thin enough to scatter light very well as in this image. The lower left image appears to show the lights from Tocopilla extending far into the sky; in this case that is the galaxy intersecting with the lights from Tocopilla on the horizon. Note also the difference in the lights to the southeast. In the final image, there are clouds on the horizon again, and more features on the sky; those features are due to the ASCA dome requiring a cleaning.
The difference between just this set of images, from a single site, shows the necessity of examining as many nights as possible from each of the sites. There are changes due to instrumentation, light sources appearing or disappearing over time, patches of clouds near light sources at times, and the appearance of the galaxy in the data. It is critically important to examine each light pollution analysis image, and raw data if necessary, to conclude what the different features are in the images, and then combine the analysis of several images to determine what the effects of light pollution at that site are.
DATA ANALYSIS AND RESULTS
There are five sites in the TMT site testing program. Each site has an ASCA as part of the site testing equipment suite. All five sites are very dark on average, with the only light pollution coming from nearby communities or work sites. For light pollution to be an issue for TMT, it must extend above the 65
• zenith angle that will be the lower limit for TMT observations. 
Below is a discussion of the effects of light pollution at each of the sites.
Cerro Tolar, Chile
Cerro Tolar is located in the northern Atacama Desert in Chile, in a mountain range that runs along the coast to the north of Tocopilla. Figure 3 is Even on this, the most light polluted data found for Armazones, the extent of the light pollution remains low on the horizon. There should be no effect on TMT from light pollution at this site. There is, however, some prospecting for mines happening around this region; a mine placed near Cerro Armazones could have a large impact on the light pollution environment. 
Cerro Armazones, Chile
Cerro Tolonchar, Chile
San Pedro Mártir (SPM) is located in northern Baja
